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Descripti n 

FIELD OF THE INVENTION . 

[0001] The present invention relates to methods and 
apparatus for the in-process, real-time measurement 
and control of entities in thin webs of textile materials. 
In the preferred embodiment, such entities include sin- 
gle fibers, single neps, and single trash particles in cot- 
ton and otherfibrous materials. The thin webs are either 
intentionally formed from a sample of material acquired 
from the process or inherently found within certain 
processing machines. Measurement is by image analy- 
sis preferably based on charge-coupled device (CCD) 
cameras with extended spectral response. 
[0002] To further define the field of this invention, 
means are provided for acquisition of in-process sam- 
ples from continuously-operating textile manufacturing 
process machinery. Image analysis then enables spa- 
tial, spectral, and temporal pattern recognition or filter- 
ing (SSTF). SSTF in turn enables identification of indi- 
vidual entities in the thin webs. 

BACKGROUND OF THE INVENTION. 

[0003] The presence of undesirable entities in textile 
materials such as neps and trash particles is a problem 
whose severity is generally increasing. Production and 
harvesting techniques of cotton, for example, demand 
more aggressive cleaning action at the gin or in the early 
stages of processing in the textile mill. These actions 
remove foreign matter or trash but in many cases break 
the trash into smaller particles and leave some of it in 
the fibrous mass. This makes it more difficult to remove 
in later stages. Worse, this increasingly aggressive 
cleaning action generally increases the level of nep for- 
mation. It is therefore increasingly important to monitor 
the levels of these undesirable entities on a continuous 
basis in the gin or mil! in order to optimally control them. 
[0004] In most production environments it is com- 
pletely impossible to monitor 100% of the process 
throughput and samples of in-process material must be 
acquired for measurement. In most textile processing 
machines the fiber samples conveniently available for 
sampling are in tuft form. New means are therefore 
needed to acquire a representative sample and prepare 
- it into thin web format for image analysis measurement 
There are notable exceptions where judicious applica- 
tion of recently-developed image analysis technology 
enable 100% monitoring of the process throughput. A 
good example, as will be disclosed below in a preferred 
embodiment, is monitoring the thin web of a carding ma- 
chine. Prior art methods and apparatus result in over- 
whelmingly expensive or otherwise impractical applica- 
tions of image analysis. Our invention overcomes the 
difficulties. 

[0005] A further example is disclosed in GB 2 235 389 
referring to an apparatus for detecting undesirable par- 



ticles in textile fibre material. The textile fibre material is 
scanned by a camera and signals produced by said 
camera are processed digitally in a processing device. 
Processing comprises classifying registered undestra- 
5 ble particles on the basis of characteristics such as type, 
size, shape and counting and classifying the particles. 
A disadvantage of the known apparatus appears to be 
that whilst undesirable particles may be identified be- 
cause they have parameters such as size, material, re- 
flection properties and so on, which are different with 
respect to the fibre material in which they are embed- 
ded, if the used sensor does not distinguish undesirable 
particles according to one of these parameters, then, 
such particles may remain hidden in the textile fibre ma- 
terial. 

[0006] GB 2 239 946 discloses a system for the de- 
tection of surface defects on band-like running material 
of paper, metal or textile. The surface is inspected by a 
camera and the position and the severity of defects on 
the surface are marked on a chart or on a surface image 
in order to be judged afterwards. This system shows the 
locations of defects and the severity of the defects 
based on a very simple discriminating procedure. A pro- 
found analysis of defects by means of digital signal 
processing appears not to be possible therewith. 
[0007] GB 1 411 254 discloses an apparatus for de- 
tecting neps in a sliver of textile raw material. The ap- 
paratus comprises means for spreading the sliver into 
a thin web, a scanning device focused on the web and 
a counter for counting and for registering any change in 
the amount of light directed on the scanning device. In 
this apparatus neps in the web change the amount of 
light sensed by the scanning device and therefore neps 
are counted in the counter. This apparatus seens only 
able to detect neps or the like of a certain dimension. 
The apparatus appears to be unable to detect other un- 
desirable elements in the web or to distinguish between 
elements having different characteristics. 
[0008] US 4,1 70,41 9 discloses an optical web inspec- 
tion system for detecting imperfections in a web. A plu- 
rality of sensor means are mounted above an inspection 
area and generate electrical output signals representing 
the intensity of the reflected radiation. The system fur- 
ther includes means for periodically summing the elec- 
trical output signals from the sensors to generate a sum- 
mation signal. For determining an imperfection, single 
output signals are compared to the summation signal. 
The system is designed to report typically six types of 
defects which are present in a fabric web. Such types 
in elude warp, line, fill defects and so on. 

SUMMARY OF THE INVENTION 

[0009] The invention as defined in claim 1 solves the 
problem encountered in the prior art. 
[0010] With the present invention, on-line monitoring 
is provided for controlling the quality of card web. Unde- 
sirable entities are found in preferably 100% of the thin 
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card web, identified as to the severity of their impact up- 
on subsequent processes or ultimately on sale price of 
the textile product derived therefrom, and then priori- 
tized control action is taken to remove or eXclude these 
entities from the web. These web-cleaning provisions 
are identified by the acronym "FIX". 
[0011] In accordance with a preferred embodiment of 
the present invention, an apparatus is provided for mon- 
itoring a web of textile materials. The web may be mon- 
itored while it is being processed by textile processing 
machinery, or it may be formed seperately from the tex- 
tile processing machinery. The web includes a plurality 
of entities, such as fibers and trash. An imaging unit re- 
ceives electromagnetic radiation from the web and pro- 
duces image signals in response thereto. The image 
signals correspond to images of the web including the 
entities, and the web is in motion relative to the imaging 
unit. The imaging unit repetitively scans at least one 
stripe across the web in a direction substantially perpen- 
dicular to the direction of the relative motion of the web. 
A computer receives the image signals from the imaging 
units and produces digital data corresponding thereto. 
The computer analyzes the digital data and finds entities 
of interest in the web based on the analysis of such data. 
The computer further determines parameters of the 
found entities of interest and produces output signals 
indicating parameters of the entities of interest in the 
web. 

[0012] In accordance with another preferred embodi- 
ment of the present invention, the imaging unit and com- 
puter further include distinguishing apparatus, such as 
a spectral grating or prism, for producing a plurality of 
optical images of the same portion of the web from the 
received electromagnetic radiation, where each of the 
optical images is distinguished from the others by the 
spectral content of the images. The computer produces 
a plurality of digital data representations corresponding 
to the plurality of optical images and analyzes the digital 
data to find images of entities of interest. The computer 
also determines the spectral content of the received 
electromagnetic radiation produced by the entity of in- 
terest based on the analysis of the plurality of digital data 
representations. 
"[001 3] In accordance with another preferred embodi- 
ment of the present invention, the imaging unit further 
includes apparatus for producing a plurality of time sep- 
arated images of the same portion of the web. In the 
preferred embodiment, a mask is disposed for receiving 
electromagnetic radiation from the web, for blocking 
portions of the electromagnetic radiation and for trans- 
mitting at least first and second spatially separated por- 
tions of the electromagnetic radiation. Imaging optics fo- 
cus images of the first and second spatially separated 
portions of the electromagnetic radiation onto an array 
of detectors which produce image signals correspond- 
ing to the first and second spatially separated portions 
of the electromagnetic radiation. 
[0014] In accordance with another preferred embodi- 



ment of the present invention, the imaging unit produces 
at least first and second time separated images of the 
same portion of the web. The first time separated image 
is produced while the web is illuminated by a first illumi- 

s nating condition, and the second time separated image 
is produced while the web undergoes a second illumi- 
nating condition which is different than the first illuminat- 
ing condition. In one embodiment, the first illuminating 
condition is illumination of the front side of the web and 

10 the second illuminating condition is illumination of the 
back side of the web. The computer also classifies en- 
tities according to the apparent size of the entity, the ap- 
parent shape of the entity and the apparent color of the 
entity. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 5] The present invention may best be understood 
by reference to the following Detailed Description of pre- 
20 ferred embodiments when considered in conjunction 
with the drawings in which: 

FIG. 1 is a somewhat diagrammatical cross-sec- 
tional view of tufts of fibers being transported pneu- 
25 matically within a duct and showing a sampler in a 
wall of the duct; 

FIG. 2 is an illustration similar to FIG. 1 showing a 
sampler in operation removing samples of fiber 
from the duct; 

30 FIG. 3 is a somewhat diagrammatical drawing fur- 
ther illustrating the operation of the sampler and 
showing the sampler delivering fibers to a cylinder; 
FIG. 4 is a drawing showing the sampler delivering 
fiber samples to a cylinder which, in turn, delivers 

35 the sample to a glass plate; 

FIG. 5 illustrates ^another embodiment of the 
present invention in which textile fibers are proc- 
essed by a fiber individualizer, transported through 
an individual fiber monitor, and deposited on a cy- 
lindrical screen for further monitoring; 
FIG. 6 is a cross-sectional view illustrating an im- 
plementation of the present invention in conjunction 
with a web on a doffer cylinder and/or a web as it 
leaves the doff rolls of a textile machine; 

45 FIG. 8 shows a block diagram of an optical imaging 
system including two CCD cameras and front and 
back illumination of a web; 
FIG. 9 is more detailed schematic diagram of the 
optical imaging system of FIG. 8; 

so FIG. 1 0 is detailed view of a mask used in the optical 
imaging system of FIG. 8; 
FIG. 11 is a schematic diagram illustrating how the 
CCD camera is read into memory and into an image 
buffer; 

55 FIG. 1 2 illustrates four books of memory into which 
images from the CCD are stored; 
FIG. 13 illustrates an alternate system for reading 
the CCD camera and storing images in memory; 
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FIG. 14 is an overall block diagram of the process- 
ing system used to process the images produced 
by the optical imaging system; 
FIG. 15 is a graphical illustration of two images in 
the image buffer; s 
FIGS. 16A and 16C represent possible geometric 
shapes of entities and FIGS 16Band 16D represent 
feature signatures of the entities shown in FIGS. 
16A and 16C, respectively, where the signatures 
are generated by rotating a radius about the centro- 
id of the geometric shape and graphing the length 
of the radius against its angular position; 
FIGS 1 7A and 17B constitute a flow chart illustrating 
the operation of a computer program illustrating one 
method for using the optical system of the present 
invention for distinguishing between different enti- 
ties in a textile web; ) 
FIG. 1 8 shows an end cross-sectional view of a pre- 
ferred excluder (ejector) of the present invention; 
FIG. 19 shows a cross-sectional view of the exclud- 
er taken through section lines 1 9-1 9 shown in FIG. 
18; 

FIGS. 20 and 21 are enlarged views of the exclu- 
sions of 350 corresponding to FIGS. 18 and 19, re- 
spectively; and 

FIG. 22 is a cross-sectional view illustrating an ejec- 
tor system of the present invention implemented in 
conjunction with a clothed cylinder such as a doffer 
cylinder. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

WEB FORMING SAMPLER 

[0016] FIG. 1 illustrates tufts of fiber 10 being trans- 
ported pneumatically within a duct 11 in a direction indi- 
cated by arrow 13. On one side of the duct there is 
placed a perforated wall 12 in combination with a solid 
cover plate 14 to seal against the perforated wall and 
against the solid sides of the duct 11 . This cover plate 
14 overcomes pressure differentials between the inside 
and outside of the duct 11. Sampler plate 18, shown in 
stowed position in FIG. 1, is mounted on a drive mech- 
anism 1 7, such as a hydraulic motor and control system, 
and is rotated about an axis 19 upon command from a 
control signal on line 21 into the flow, thus capturing tufts 
10 which are impacted upon it. In the course of rotating 
counter-clockwise into the flow, impacted tufts 10 of suit- 
able amount are collected and ultimately moved into a 
closed position by the rotary motion of the plate 18, as 
shown in FIG. 2. After plate 18 moves to the closed po- 
sition shown in FIG. 2, the sealing plate 14 is removed 
by a suitable mechanical mechanism 23, such as a hy- 
draulic piston and cylinder and control system, to ex- 
pose the perforated wall 12, when appropriate control 
signals are applied through control lines 25.. 
[0017] FIG. 2 illustrates that the sampling plate 18 has 



come to sampling position over the perforated plate 12. 
The sealing plate 14 has been retracted since the com- 
bined action of the fiber sample 20 on the perforated 
plate 1 2 and the sealing action of the sampling plate can 
withstand the pressure differential between the inside 
and outside of the duct 11 . 

[0018] As a result of this action, a fiber sample 20 is 
presented through the perforated plate holes 27 for 
sampling by a needle sampler 32. 
[0019] In the right-hand side of the lower part of FIG. 
2 there is a shown, in broken line format, a needle sam- 
pler 32 with the locking/feed roll. 34 in the retracted or 
open position. The needle sampler 32 (broken line) is 
just beginning its right to left motion. The row of needles 
33, whose width into the paper is about 2 to 4 inches, 
move in close proximity to the perforated plate 12 and 
thereby acquires samples of entities 20 from the perfo- 
rated holes 27 until the sampler 32 has been loaded and 
moved fully to the left. At this point the needle sampler 
32 locking/feed roll 34 is closed, as shown in solid lines 
in the lower left side of FIG. 2, and the sample loading 
step has been completed. In this figure the roll 34 is in- 
tended to represent a conventional locking feed roll that 
rotates around its center axis and\or moves linearly in 
response to rotate and\or translate control signals. 
[0020] The sampler 32 is carried by a suitable mech- 
anism for translating it horizontally and rotating it down- 
wardly. Preferably, the sampler 32 is fixedly mounted on 
an arm extending from hydraulic motor. A carriage is 
mounted on a linear chain drive and rails, and the car- 
riage carries the motor through horizontal motion on the 
rails. A motor and motor control system under control of 
signals on lines 39 provide motive force to the chain 
drive and rails to drive the carriage and motor to thereby 
move the sampler 32 between the positions indicated 
by solid line sampler 32 and the broken line sampler 32. 
In addition, under control from signals on line, the motor 
selectively rotates the sampler in the direction indicated 
by arc. 

[0021] As shown in FIG. 3 the needle sampler 32 has 
been rotated and translated away from the sampling po- 
sition which is adjacent to the perforated plate 12. The 
sealing plate 1 4 is moved back into a closed position as 
shown in Figure 1 and the sampling plate 18 is rotated 
clockwise back into its stow position. The fibers which 
were captured on sampling plate 18 are blown away by 
compressed air and re-injected into the pneumatic con- 
veying air in duct 16. FIG. 3 further illustrates that the 
needle sampler has been rotated into registration with 
presentation cylinder 40. Cylinder 40, which preferably 
includes pins 42 and perforations 44 on its surface, 
combs and aligns the fibers and serves as a presenta- 
tion device for the thin web of fibers and other entities 
deposited thereupon. (The thin web is not shown.) Fib- 
ers are uniformly released from the pins 33 by rotating 
the locking/feed roll 34 in the fiber sampler 32 in concert 
with rotation of the thin web presentation cylinder 40 so 
that fibers are uniformly deposited onto the cylinder 40. 



75 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP 0 604 875 B1 



8 



A plenum 43 and suction 45 on the plenum provide a 
suction through perforations 44 to assist the deposition 
of fibers from sampler 32 onto cylinder 40. The first ob- 
jective of this transfer step is to transfer 100% of the 
fiber sample, including all entities in the sample such as s 
neps or trash, without substantial modification. The sec- 
ond objective is forming the sample into the thin web 
format desired for presentation to the image analysis 
system 50. Preferably approximately 1 gram of sample 
is transferred from each needle sample 32 to the pres- 10 
entation cylinder 40. This quantity is associated with a 
needle sampler 32 width of approximately 4 inches, 
[0022] The presentation cylinder 40 presents a thin 
web of entities for examination by image analysis means 
50. In the embodiment of FIG. 3, fine pins 42 and per- *5 
forations 44 on cylinder 40 are used to assure uniform 
removal and loading as well as to assure some combing 
and separation actions of the sample as it is removed 
from the needles 33. The image analysis means 50 thus 
examine a thin web which has been deposited in a pre- 20 
ferred manner. Consideration is given to uniformity and 
orientation of fibrous entities in the material sample as 
will be fully disclosed hereinafter. 
[0023] Before explaining the image analysis or control 
dimensions of this invention, completion of the sampling 25 
cycle is explained. Upon completion of the image anal- 
ysis measurement by means 50, the brush 52 is moved 
to the right as indicated by arrows 53 such that the bris- 
tles 54 engage the pins 42. The brush 52 and the pres- 
entation cylinder 40 are rotated as shown by arrows 55 30 
and 57 whereupon the fibers, neps, trash, and other en- 
tities are removed from the presentation cylinder 40 by 
the combined action by the brush 52 and compressed 
air 56 applied through the perforated holes 44. A coaxial 
adductor 58 is used to supply suction through conduit 35 
59 with which to drive airflow from the brush 52 and pres- 
entation cylinder 40 region back into the pneumatic con- 
veying process duct 11. Upon completion of this action, 
slide valve 60 closes. The system is now prepared for 
another measurement sequence. In the above descrip- 40 
tion, mechanical movements and control are accom- 
plished by conventional means and preferably the entire 
operation is under control of a conventional microproc- 
essor based controller or a computer, such as the com- 
puter system 144 of Figure 8, but each step may be 45 
manually controlled, if desired. 
[0024] FIG. 4 reveals another embodiment utilizing 
substantially the same image analyzer measurement 
means 50. A thin web 62 is formed for presentation to 
the image analysis system 50. In this case the sample so 
is acquired by needle sampler 32 and spread on the 
presentation cylinder 40 as before but in this case the 
thin web 62 is brushed off onto a glass plate 64 whose 
length is slightly greater than the circumference of the 
preparation cylinder 40. The plate 64 is mounted for left ss 
and right linear motion as indicated by arrows 65 and is 
driven by drive rolls 67. In this manner the density, ori- 
entation and other preparation and presentation fea- 



tures and effects on the sample by the cylinder 40 are 
retained but a preferred viewing environment 66 is pro- 
vided. In this environment front lighting 68, and back 
lighting 70 may be used together or separately for pre- 
ferred illumination. Background contrast and other ele- 
ments are represented by the motor driven element car- 
rier 72. The carrier 72 preferably provides a black back- 
ground, but it also may represent white or other colors, 
a mirror surface, or no element at all, for the back lighting 
mode. A wide variety of backgrounds with front illumi- 
nation could be chosen to enhance contrast or resolu- 
tion or, in general, the ability to recognize entity patterns. 
[0025] Upon completion of measurement the thin web 
sample 62 moves with the glass plate 64 under guide 
roll 76 and is removed by clean compressed air from 
purge source 77 and carried out by an air sweep 78 driv- 
en by coaxial adductor 80. The tested material is thus 
returned to the process as in FIG. 3. Cleaner wheel 75 
removes residue and prepares the plate 64 for the next 
test. • 

[0026] FIG. 5 shows a fiber individualizing apparatus 
102 supplying individual fibers and entities through a 
conduit to a sensing station 82 that in turn supplies the 
entities and fibers to a viewing station 88. ** The sample 
is individualized by apparatus 102. The individualized 
entities 103, after passing through electro-optical sens- 
ing station 82 (M3) are deposited on a rotating perforat- 
ed drum 84. The deposition is aided by collection of the 
transport air by suction 86. At station 88 the image anal- 
ysis system 50 is shown in similar function as in Figures 
3 and 4. In this embodiment the sample has been con- 
ditioned with environmentally controlled gas 90 intro- 
duced at plenum 91 and discharged into a collection ple- 
num 92 that is evacuated by suction 93. Also, the sam- 
ple can be further conditioned by environmentally con- 
trolled air 94 which is similarly collected by plenum 96 
and suction 97. 

[0027] It is evident that the peripheral speed of perfo- 
rated cylinder 84 can be adjusted in combination with 
the sample 100 feed rate into the fiber individualizer 102 
so that essentially individual entities are presented for 
inspection both by the electro-optical sensor 82 and by 
the image analysis system 50. Slower speeds of the 
presentation cylinder 84 enable multiple entities to be 
deposited and inspected by the image analysis system 
50 at station 88. It can be appreciated that a time stamp- 
ing concept may be applied between the signals from 
the electro-optical light scattering sensor 82 and the im- 
age analysis system 50 at station 88. That is, there is a 
fixed time delay between when the sample 100 is 
sensed at station 82 and at station 88. Thus, the meas- 
urements from stations 82 and 88 may be time correlat- 
ed. 

[0028] FIG. 6 reveals a most important embodiment 
for on-line process monitoring wherein image analysis 
means 50 inspect the thin web on a doffer cylinder 110 
of a carding machine 112. Alternatively, image analysis 
means 50 inspect the web 120 as it exits the doff or 
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crush rolls 122 and before it proceeds through a trumpet 
125 and becomes a sliver 126. It will be readily under- 
stood that the entities, in terms of orientation and density 
are essentially the same on the doffing cylinder 110 as 
in the web 120. It will also be appreciated that the rela- 
tive advantages of inspecting the web in "free" space 
124, where front lighting and back lighting are much 
more readily achieved, is preferable for the highest con- 
trast and resolution. However, in some cases it is not 
feasible to measure the web at space 124 as indicated 
in FIG. 6. Further, in other cases the discrimination abil- 
ities of the image analysis system 50 are entirely ade- 
quate when examining the thin web as it is transported 
by the teeth on the doffer cylinder 1 1 0. 
[0029] FIGS. 3, 4, 5, and 6 thus disclose means by 
which thin webs may be formed from samples of textile 
material for the preferred examination by image analysis 
means. The samples may be automatically acquired 
from an operating process, may be part of a test sample 
for a laboratory quality control instruments, or may be 
inherently found already as thin webs in carding ma- 
chines or the like. All may be advantageously examined 
with our preferred image analysis means 50. We now 
turn to the image analysis subject and disclose the con- 
cept of spatial, spectral and temporal pattern recognition 
or filtering, SSTF 

IMAGE ACQUISITION SYSTEM 

[0030] Referring now to FIG. 8, there is shown an 
overview of the optical imaging system 129 which in- 
cludes first and second optical imaging units 130 and 
132, which include CCD cameras. Each of the imaging 
units 130 and 132 is positioned to view at least a 0.5 
meter wide section of a web 134 which is preferably a 
web of non-woven textile fibers such as cotton. Prefer- 
ably, the imaging units 1 30 and 1 32 are positioned to 
view approximately one-half of the web with an overlap 

135 of approximately 0.01 meter. The purpose of two 
imaging units 130 and 132 is to provide 100% optical 
viewing of the web, but reduce the data rate by approx- 
imately one-half. That is, by analyzing the data from 
each optical unit 130 or 132 separately, the data rate is 
approximately one-half that which would be required if 
a single unit was viewing the entire web and the single 
camera was obtaining the same resolution as two imag- 
ing units. 

[0031] The moving web 134 is illuminated by broad 
band radiation sources 1 36 and 1 38 which provide both 
visible and non-visible light including infrared. Source 

1 36 illuminates the front of web 1 34 and source 1 38 il- 
luminates the opposite side, the back side of web 134. 
With this illumination arrangement, the type of illumina- 
tion impinging on the web 34 can be varied to provide 
information as to the amount of light transmitted through 
the web 1 34 from its back side or reflected from its front 
side or both. 

[0032] The imaging units 1 30 and 1 32 and the illumi- 



nation sources 1 36 and 1 38 are connected through data 
acquisition and control units 140 and 142 to an image 
processing and storage computer system 144. The op- 
tical imaging units 130 and 132 produce image signals 

5 that are transmitted through the units. 1 40 and 1 42 to the 
system 144 for processing, and the computer system 
1 44 also issues control commands through the units 1 40 
and 142 to the illumination sources 136 and 138 and, 
thereby, controls the intensity and duration of the illumi- 

10 nation on the web 134. The system 144 also includes 
an information link 146 that provides information and 
control to an excluder system that is hereinafter de- 
scribed. 

is OPERATION OF THE IMAGE ACQUISITION SYSTEM 

[0033] The detailed operation of each of the optical 
imaging units 130 and 132 is best understood by refer- 
ence to FIGS. 8 and 9. Referring to FIG. 8, there is 

20 shown a more detailed view of the optical imaging sys- 
tem 129 illustrating the operation of one imaging unit 
130, it being understood that unit 132 functions in like 
manner. Referring to FIGS. 8 and 9, the optical unit 1 30 
is configured to simultaneously view four stripes 150 

25 across the web 134 that are labeled 1 - 4 on FIGS. 7 
and 8. In the preferred embodiment, each of the stripes 
150 has a width of 0.5 millimeters and extends in a 
traverse direction perpendicularly across the web 134 
for a distance of approximately 0.510 meters. Since two 

30 optical imaging units 1 30 and 1 32 are used to view the 
entire web, the stripes 150 may be thought of actually 
extending continuously across the web. The four stripes 
150 numbered 1-4 are separated each from the other 
by a distance of precisely 4.0 millimeters in a direction 

35 parallel to the direction in which the web 134 moves. 
Thus, the spacing, edge to edge, between the four 
stripes 150 is 3.5 millimeters. 

[0034] The optical imaging system 1 29 includes a pair 
of lenses 1 53 and 1 54 and a spatial mask 1 56. The pur- 

40 pose of the lenses 153 and 154 is to focus an image of 
the web 134 unto a CCD camera and grating assembly 
158 after reflection from mirror 160. The function of the 
spatial mask 156 is to restrict the view of the CCD and 
grating assembly 158 to the four stripes 150. Since the 

45 web 134 is moving in the direction indicated by arrow 
160, it will be appreciated that the CCD and grating as- 
sembly 1 58 is viewing the web four separate times. That 
is, all of the web 1 34 will pass through each of the four 
stripes 150. Therefore, that portion of the web 134 that 

50 is first viewed in the first of the stripes 1 50 will be viewed 
a second time in the second stripe 150, a third time in 
the third stripe 1 50, and a fourth time in the fourth stripe 
150. As described in greater detail hereinafter, this re- 
dundancy is provided for the purpose of increasing ac- 

55 curacy and/or increasing the amount of information ob- 
tained. 

[0035] The signal from the CCD and grating assembly 
158 is transmitted to readout electronics 162 which is a 
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part of the acquisition and control unit 140. The readout 
electronics 162 provides an output to an image proces- 
sor 1 64 whose output is applied to a display and storage 
unit 166, both of which are part of the image processing 
and storage computer system 144. 
[0036] The speed of the web 134 is constantly moni- 
tored by a speed detector, such as a rotary encoder 1 68, 
that provides speed information through readout elec- 
tronics 162 to the computer system 144. This speed in- 
formation is important so that the system can take ad- 
vantage of the redundancy provided by the four stripes 
1 50 and so that items of interest, such as trash, detected 
by the assembly 148 may be tracked as to position 
downstream in the web and excluded. 
[0037] Referring nowto FIG. 10, a detailed view of the 
mask 156 is shown. The mask 156 includes slits 170, 
172, 173, and 174 that restrict the viewing angle of the 
CCD and grating assembly 158 to the four stripes 150. 
Thus, the slits 170, 172, 173; and 174 control the size 
and shape of the stripes 150. Since it is desired to pro- 
vide stripes having a. width of 0.5 millimeters, the width 
(d x ) is determined by the product of the desired image 
width, 0.5 millimeters, and the magnification of the first 
optical element 152. The width of the mask dy/y 2 is de- 
termined by the product of the magnification of the lens 
152 and the width of the web that is desired to be in- 
spected (approximately 0.512 meters). Thus, for an op- 
tical element 152 with a focal length of 60 millimeters 
located 1 millimeter away, one would calculate as fol- 
lows: 

M = 63.8 - 10* 3 

d x = 32 u.m and 
dy = 32mm. 

[0038] The mask 1 56 can be constructed of precision 
cut metal film or a chrome ruling on a glass substrate. 
[0039] Referring now to FIG. 9, there is shown some- 
what diagrammatic cross-sectional view of the CCD ar- 
ray and grating assembly 158. Light enters the assem- 
bly 158 through an electronic shutter 175 controlled by 
computer system 144 and first impinges upon a diffrac- 
tion grating that is mounted by spacer blocks adjacent 
to a window in a housing. After passing through the shut- 
ter 175 and the diffraction grating, the light passes 
through the window and impinges upon a CCD array 
that is mounted on the opposite side of the housing. The 
diffraction grating disperses the incoming light into eight 
spectral channels, and the grating is oriented so that dis- 
persion occurs in a direction corresponding to the move- 
ment direction of the web. Thus, the dispersion occurs 
in a direction perpendicular to the slits 170, 172, 173 
and 174 and perpendicular to the four stripes 150. The 
diffraction grating is designed and dimensioned so that 
it spreads eight spectral channels over an area of the 
CCD corresponding to 4 millimeters on the web (eight 



stripes on the web). Thus, instead of forming one image 
of each of the stripes 150 on the array 184, the system 
focusses eight side-by-side images of each of the 
stripes 150 on the array 184. It will now be appreciated 

5 that the size of the four stripes 1 50 and the spacing be- 
tween the stripes 1 50 was chosen to allow for precisely 
eight images of each stripe on the CCD array 1 84 with- 
out allowing any overlap. Since the diffraction grating 
separates the light into spectral channels, each of the 

f 0 stripe images formed on the array 1 84 will provide dif- 
ferent color information for each of the stripes 1 50. This 
design leads to a simple, compact design for observing 
color information in the visible wavelengths using a CCD 
array 184 that measures only the intensity of the light 

*5 striking it. 

[0040] In the above description, particularly with ref- 
erence to FIG. 8, optical imaging unit 130 has been de- 
scribed along with the acquisition and control unit 140. 
It will be appreciated that the optical imaging unit 132 

20 and 1 42 are substantially identical to units 1 30 and 1 40, 
respectively, and FIG. will be understood to describe 
and represent both imaging units 1 30 and 1 32 and both 
acquisition and control units 140 and 142. 
[0041] The operation of the system 1 29 shown in FIG. 

25 8 may be better understood by reference to the elec- 
tronic and digital processing that is illustrated in FIGS. 
11-14. The CCD array 1 84 consists of 1 024 by 32 image 
pixels 190 arranged so that the 32 pixel dimension lies 
parallel to the movement of the image of web 1 34 on the 

30 array 1 84, and the rows of 1 024 pixels 1 90 are oriented 
to be perpendicular across the image of the web 134 
appearing on the array 184. The array 184 is preferably 
read four pixels at a time by an A/D converter 1 92 where 
the voltage sensed by each pixel 1 90 is converted to a 

35 digital number which is output through the DEMUX 1 94 
to digital memory 1 96. The memory is read by an aver- 
aging and total intensity accumulator 198 and its output 
is applied to an image buffer 200. The function of the 
accumulator 198 is to average four rows of 1024 pixel 

4Q output from the array 184 to produce each row of the 
image placed in the image buffer 200. The averaging 
process may best be understood by again referencing 
FIG. 8 and considering a single one-half millimeter seg- 
ment of the web 1 34 as it passes across the stripes 1 50. 

45 Consider first that this hypothetical segment first ap- 
pears over the first stripe 1 50. The electronic shutter 1 75 
will expose the CCD 1 84 and this hypothetical segment 
of the web will be viewed for the first time. The segment 
will then move from the first stripe 150 to the second 

so stripe 1 50. The image processor 1 44 receives speed in- 
formation from the encoder 168 and causes the shutter 
175 to open each time the web moves one-half millim- 
eter. Thus, the hypothetical segment will be positioned 
over the second stripe 1 50 when the shutter 1 75 opens 

55 for the ninth time and the segment will be viewed for a 
second time by the CCD array 184. Likewise, on the sev- 
enteenth exposure of shutter 175, the segment will be 
over stripe 3; on the twenty -fifth exposure of shutter 175, 
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the hypothetical segment will be over stripe 4 and, thus, 
it will be viewed for the third and fourth times. From the 
above explanation, it will be appreciated that each seg- 
ment of the web will have the same hypothetical journey 
as described above and will be viewed four times. Thus, s 
by averaging the first, ninth, seventeenth and twenty- 
fifth viewing of each 0.5 mm segment, an average meas- 
urement for each segment is obtained, 
[0042] Referring now to FIG. 12, the control of the 
memory 196 may be visualized. The memory 196 is di- 
vided into four books, books one through four, which are 
identified by characters 202, 204, 206 and 208, Refer- 
ring to FIGS. 12 and 13, the acquisition of data is ex- 
plained as follows. Upon the receipt of a correct position 
indication from the rotary encoder 1 68 (FIG. 8), the shut- 
ter 175 (FIG. 10) opens for approximately 0.0001 sec- 
ond to expose the CCD array 1 84. The process of image 
acquisition begins by reading the first 1024 pixel line of 
the CCD array 184, four pixels at a time, and storing it 
in the rightmost 1024 locations of the first row of the first 
page of the first book. The next 1024 pixel line is read 
from the array 184 and is stored in book one, page two, 
row one, because it represents the same spatial infor- 
mation as the first line, but at a different spectral wave- 
length. Each book contains eight pages and the first 
eight lines of the CCD array 184 are read into the first 
rows of the eight pages of book one. The next eight lines 
of the CCD array are stored in the second row of the 
eight pages of book one. The next eight lines of the CC D 
array 184 (lines 1 6-24) are stored in row three of pages 
1-8 of book one, and the final eight lines of the CCD 
array 184 are stored in row four of the eight pages of 
book one. 

[0043] The CCD has now been fully read, and it is 
cleared and the processor 144 waits until the encoder 
168 indicates that the web 134 has moved forward 0.5 
millimeters. At that point, the shutter 175 will expose 
again and create exposure number two. Exposure 
number two is stored in book one, rows 5-8, of pages 
1-8 in the manner described above. Likewise, subse- 
quent exposures are stored in book one until exposure 
eight is stored in rows 29-32 of pages 1-8 of book one. 
On the ninth exposure, book two is begun as indicated 
by character 204 in FIG. 12. Book two will contain ex- 
posures 9-16. Likewise, books three and four are creat- 
ed for storing exposures 17-24 and exposures 25-32, 
respectively. From the above discussion it will be appre- 
ciated that book one contains the oldest exposures and 
book four contains the most recent exposures. 
[0044] It will further be appreciated that row one of 
each of the pages in book one should correspond to the 
same web segment image as row two of each of the 
pages of book two, as row three of each of the pages of 
book three, and as row four of each of the pages of book 
four. Thus, to produce row one of the first page in the 
image buffer 200, the accumulator 198 averages book 
one page one row one + book two page one row two + 
book three page one row three + book four page one 



row four. The accumulator 1 98 produces row one of pag- 
es 2-8 in the image memory buffer from pages 2-8 of 
books 1-4 in the same manner as described above. 
[0045] To produce row two of page one in the image 
buffer 200, the accumulator 198 uses data obtained 
from exposures 2, 10, 18, and 26. Row two of image 
buffer 200 is obtained by averaging book one page one 
row five + book two page one row six + book three page 
one row seven + book four page one row eight. Likewise, 
each succeeding exposure is used to create the first 
eighty rows in the eight pages of the image buffer 200. 
As another example, to produce row eight of the. image 
buffer 200, the accumulator 198 adds book one row 
twenty-nine + book two row thirty + book three row thirty- 
one + book four row thirty-two. After the eighth row of 
image buffer 200 has been calculated, books two, three 
and four are redesignated as books one, two and three, 
respectively. Then, a new book four is created using the 
next eight exposures from the CCD 184, and the next 
eight rows for each of the eight pages of the image buffer 
200 are calculated in the same manner as the first eight 
rows were calculated. This process continues indefinite- 
ly so that the image buffer 200 is a scrolling image buffer 
and always contains sixteen rows of image information 
on all eight pages. From the above description, it will be 
appreciated that the image buffer always contains eight 
images, which have been referred to as "pages", of six- 
teen rows each of the web 1 34. Each of the eight images 
(pages) differs from the other in image buffer 200 based 
on frequency (color). That is, each image represents a 
particular spectral range. If the web is producing an im- 
age in that particular spectral range, then such image 
will appear on the page of image buffer 200 containing 
that particular spectral range. 

[0046] The output of the image buffer 200 is further 
analyzed as described in greater detail hereafter follow- 
ing a description of an alternate embodiment shown in 
FIG. 13 in which the accumulator 198 has been divided 
into two accumulators 198A and 198B, and the image 
buffer 200 has been divided into two buffers 200A and 
200B. It will be understood that FIG. 13 is symbolically 
representing these elements and it is not necessary to 
actually physically separate the accumulators or the im- 
age buffers, but it is helpful to the explanation of the op- 
eration to so separate them. 

[0047] The embodiment shown in FIG. 1 3 illustrates 
another way to take advantage of the redundancy that 
is built into the system 129. It will be recalled that each 
segment of the web 1 34 is viewed or imaged four times 
by the CCD 184. In the embodiment described above, 
these four redundant images were averaged to produce 
a single image. However, in the embodiment shown in 
FIG. 13, the redundancy is used in a different way. To 
utilize this embodiment, the illumination of the web 1 38 
is changed after every sixteen exposures. For example, 
during the first sixteen exposures, the light source 138 
is turned on to illuminate the web 1 34 from the back side 
of the web so that only light which transmits through the 
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web is received by the detector 184. On the second six- 
teen exposures (exposure 17-32) source 138 is turned 
oft and source 140 is turned on so that only light reflect- 
ed from the web is received by the array 1 84. Thereafter, 
the sources 138 and 140 are alternately turned on and 5 
off every sixteen exposures so that the web 1 34 is illu- 
minated only from one side at a time. The accumulator 
198A produces the image buffer 200A in book form in 
the manner described above, except that accumulator 
198A receives data only from the first set of sixteen ex- 
posures plus every odd set of sixteen exposures there- 
after when the source 1388 is on. The accumulator 198 
produces the image books in buffer 200B based only on 
even sets of sixteen exposures when source 140 is on 
and source 1 38 is off. Thus, image buffer 200 A contains 
a transmitted light image and buffer 200B contains a re- 
flected light image. Each of these images is actually 
eight images contained on eight separate pages in the 
manner described previously. 

[0048] Another method for operating accumulators 
1 98A and 1 98B is to change to the illumination after eve- 
ry eight exposures so that source 138 is on during ex- 
posures 1-8 and exposures 17-24, while source 140 is 
on during exposures 9-16 and 25-32. In such case, the 
accumulator 198 would produce information for the im- 
age buffer 200A only from odd numbered sets of eight 
exposures, and 1 98 would produce data for image buff- 
er 200B only from even numbered sets of eight expo- 
sures. 

[0049] Since there is a quadruple redundancy provid- 
ed by the system shown in FIG. 8, if desired, all true 
redundancy may be eliminated and the web 1 34 may be 
observed under four different light conditions as it pass- 
es stripes 150. For example, the mat could be exposed 
to four different light conditions such that a different type 
of illumination is present each time a segment of the mat 
passes beneath one of the stripes 150. For example, 
the mat 134 could be illuminated with the color red for 
the first eight exposures, the color green for the second 
eight exposures, the color yellow for the third eight ex- 
posures and the color blue for the fourth eight expo- 
sures. On the fifth set of eight exposures, the light con- 
ditions would be cycled again in the same order as be- 
fore for each set of eight exposures. In this manner, each 
segment of the mat 1 34 will be exposed to four different 
light conditions as it passed through stripes 150, and 
different portions of the mat 1 34 will be exposed to the 
various light conditions at differing locations. For exam- 
ple, one portion of the mat may be exposed to red at 
stripe one, whereas another portion of the mat will be 
exposed to red at stripe two. However, all segments of 
the mat will be exposed to all four light conditions, just 
at different positions. In this embodiment, it would be 
preferred to use four accumulators, such as accumula- 
tors 198A and 198B, each accumulator being pro- 
grammed to accept data only when a certain light con- 
dition is illuminating the mat 134. In such case, each 
accumulator would be responsive to data from every 



fourth set of eight exposures. 

[0050] By the examples given above, it is meant to 
illustrate that the optica! system of FIG. 8 can be con- 
structed with a desired amount of redundancy by chang- 
ing the number of stripes 150. This redundancy can be 
used to reduce the signal to noise ratio by exposing the 
mat 134 identically as the mat passes under each of the 
stripes 1 50 and then averaging the results. Or one may 
use the redundancy to expose the mat to differing light 
conditions, such as different wavelengths or directions 
or type of light, and thereby acquire more information 
about the web 1 34. 

[0051] Referring again to FIGS. 11 and 13, it will be 
recalled that the array 184 includes lines of 1024 pixels 
.and each pixel observes a 0.5mm X 0.5mm area of the 
web 134. Since the overall width of the web 134 is 1 
meter, the two optical imaging units 130 and 132 may 
be set to overlap anywhere from 0 to 24 pixels. In the 
preferred embodiment, the units 1 30 and 1 32 are set to 
overlap by 20 pixels or 0.01 meters and, thus, each cam- 
era also has a viewing angle that overhangs the web on 
the outer edges by a distance of 4 pixels or 2 millimeters. 
The overlapping regions of the optical imaging units 1 30 
and 1 32 are used to align the units 1 30 and 1 32 so that 
they are viewing precisely the same portion of the web 
1 34 in the overlap region. Thus, the overlap insures full 
viewing of the web 1 34 and it facilitates alignment of the 
units 1 30 and 1 32. Also, it will be appreciated that a sin- 
gle optical imaging unit may be substituted for the units 
130 and 132 by either reducing the desired resolution 
or by using a higher resolution CCD array 184. 

IDENTIFICATION OF ENTITIES 

[0052] Referring now to FIG. 14 a block diagram of 
the display and storage system 166 is shown. In this fig- 
ure, two image buffers 210 and 21 2 are shown and each 
of these buffers is identical to buffer 200 shown in FIG. 
11. Thus, the buffers 210 and 212 each contain eight 
images in eight memory locations which may be regard- 
ed as pages. Each of the pages is a 16 by 1024 array 
of data. The data of the image buffers 210 and 212 are 
read into processing buffers 214 and 216, respectively. 
Two digital signal processors (DSP) 218 and 220 are 
provided for operating upon the data in buffers 21 4 and 
216, and each of the two DSP processor 218 and 220 
is under the control of a central processor 222. The proc- 
essor 222 is also connected to a conventional terminal 
224 and to a communication link 146. 
[0053] The raw data stored in the processing buffers 
214 and 216 represents a multiplicity of features of the 
web 1 34. The DSP's 218 and 220 and the central proc- 
essor 222 are programmed to use the spectral and spa- 
tial information contained in the images to locate entities 
of interest and classify or identify them. For example, in 
the preferred embodiment, the system 166 is pro- 
grammed to locate trash and neps in a non-woven web 
of fiber 1 34. Referring to F!G. 17A, the first step 230 in 
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the program is to assign each pixel in the processing 
buffers 214 and 216 a binary value, 1 or 0, depending 
on its intensity value. For present purposes, we define 
any pixel having a value 1 (on) to be a feature, and any 
pixel with a value of 0 (off) to be background. For image s 
information that was received in the transmitted light 
mode, objects of interest attenuate light so the program 
assigns a value of 1 to any pixel that is less than 30% 
of the background values for all of the pixels. For image 
information that was obtained in the reflective light 
mode, we are interested in pixels that have a value that 
is 30% above the background value and they are as- 
signed a value of 1 and the remaining pixels are as- 
signed a value of 0. This assignment of a binary value 
is performed for all of the images in the eight pages of 
the buffers 21 4 and 21 6. By assigning the binary values 
in the manner described above, the same feature rec- 
ognition techniques and sizing algorithms may be used 
to operate on images produced by either transmitted or 
reflected light. 

[0054] As indicated by step 232 in the flow chart fol- 
lowing the conversion to a binary image, the image buff- 
er is screened by checking the upper pixel row for fea- 
ture overlapping. This can be accomplished by checking 
each pixel surrounding an upper row of pixels. If all five 
of the adjacent pixels are value 1, then the feature is 
considered to be an overlap. The number of rows occu- 
pied by that feature is then determined and that number 
is provided to the control circuitry to advance the refresh 
time by that number of rows. In this manner, the image 
buffer refresh time is controlled so that the images pro- 
vided to the processing buffers 214 and 2 1 6 do not over- 
lap the edges. In an alternate embodiment, rather than 
control the refresh timing of the image buffers to avoid 
overlaps, the processor identifies features of interest 
that lie on the last row (trailing edge) of the buffers 214 
and 216. These identified features on a boundary are 
saved in a separate memory represented by the DSP's 
218 and 220. Then, when the processing buffers 214 
and 216 are refreshed, the first row (leading edge) of 
each of the buffers 214 and 216 is analyzed to locate 
the remaining portion of the saved feature that over- 
lapped the boundary between the two pages in buffers 
214 and 216. In this manner, the DSP's 218 and 220 
reconstruct a single feature (particle image) from two 
features that overlapped a boundary. 
[0055] After overlaps have been identified and com- 
pensated for, features are identified at step 234. Fea- 
tures are defined as two adjacent pixels with a value of 
1 . Adjacency can be horizontal, vertical or diagonal, and 
the total size of the particle is calculated by counting all 
adjacent pixels. The boundaries of these features are 
then determined., such, as by tracing techniques, high 
pass filtering or derivative calculations. Once the fea- 
tures have been located and the boundaries have been 
determined, the features are further identified as to 
shape. For example, shape is determined by approxi- 
mating the boundary of a feature with a polygon using 



well known merging and splitting techniques. This tech- 
nique works well because we expect relatively simply 
geometric shapes for most trash in cotton fibers and are 
primarily interested in the aspect ratio of the feature. An 
alternate method for determining the shape of a feature 
is to define a one-dimensional signature of the particle 
boundary. In accordance with this method, the distance 
from the centroid of the feature to the boundary of the 
feature is recorded as a function of the angle of the cen- 
troid. In FIG. 16A, a circular feature is illustrated with its 
corresponding signature produced by rotating a centroid 
shown in FIG. 16B. Compare the signature shown in 
18B to the signature produced by rotating a centroid 
through a rectangle such as shown in 16C to produce 
the signature shown in 16D. This method is particularly 
suited to recognizing particles with a high degree of ra- 
dial symmetry. Another advantage of this approach is 
that the features can be represented in one dimension 
thereby saving storage space and processing time. 
[0056] After the features have been located and infor- 
mation has been obtained as to their size and shape, as 
indicated by step 236, the features are classified begin- 
ning with features with unusual spectral characteristics. 
Cotton color ranges from white to a very faint yellow in 
appearance, and any material which exhibits strong 
spectral responses other than yellow or white must be 
regarded as composed of foreign material for removal. 
For example, a nep containing sugar will exhibit a strong 
spectral response in the near infrared spectrum. Thus, 
any feature that has a strong response in the near infra- 
red spectrum should be tagged as foreign material and 
removed as hereinafter described. The step 238 in the 
flow chart indicates immediate identification of foreign 
material based on spectral characteristics of a feature. 
[0057] Next, features are selected one at a time from 
the reflected light buffer as indicated at step 239. If the 
feature is greater than 4 millimeters in diameter in any 
direction, for this particular application, it is regarded as 
an unknown foreign particle because most particles of 
interest such as trash, neps and seed coat fragments 
are smallerthan 4 millimeters. Next, the size of the same 
feature when illuminated with transmitted light and a ra- 
tio is calculated. That is the size of the particle as ob- 
served in transmitted light is divided by the size of the 
particle as observed in reflected light. Since cotton is 
rather translucent, especially in a thin web, cotton itself 
is primarily observed by reflected light, as opposed to 
transmitted light. In contrast, opaque contaminants such 
as trash, grass and bark are revealed with high contrast 
under transmitted illumination, because they block sub- 
stantially all of the light. Conversely, tight entanglements 
and clumps of fibers known as neps are best revealed 
in reflected light. Seed coat fragments which consist of 
both a translucent fiber mass and an opaque seed coat 
core are determined by comparing the response for both 
transmitted and reflected illumination. As shown in the 
flow chart at step 244, if the aforementioned ratio is less 
than 0.1 , the feature is evaluated for radial symmetry at 
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step 246. If the feature has radial symmetry, such as 
shown in Figures 16A AND 16B, as indicated at step 
248, it is identified as a nep. Otherwise it is identified as 
a clump or tuft as indicated at step 250. Referring to step 
246, if the ratio falls between 0.1 and 0.8, it is immedi- 5 
ately identified as a seed coat fragment as indicated at 
step 252. Finally, if the ratio is greater than 0.8 the pro- 
gram analyzes the aspect ratio as indicated at step 254. 
If the aspect ratio is small, such as less than 2, the par- 
ticle is identified as leaf trash as indicated by step 256. 10 
On the other hand, if the aspect ratio is large, such as 
greater than 4, the trash is classified as bark or grass 
as indicated by step 258. The identification and classi- 
fication of particles in the cotton web, such as the web 
1 34 shown in FIG. 8, is useful for making decisions con- *5 
cerning the processing of the cotton both upstream and 
downstream from the point at which the cotton is ob- 
served. For example, if a very trashy cotton web is ob- 
served, the operator may choose to begin with cleaner 
cotton or increase the cleaning efficiency of upstream 20 
machines. If a particular type of trash is observed, it may 
indicate a particular type of problem upstream. For ex- 
ample, if odd color conditions are observed, it may indi- 
cate that a portion of a dyed rag has been introduced 
into the cotton upstream, and this event could ruin a 25 
great amount of end product. 

[0058] Likewise, the identification and classification of 
particles in a cotton web provides useful information for 
downstream processing. For example, sugary neps, 
which would be indicated by a strong image in the near 30 
infrared region, interfere significantly with processing 
machinery and degrade the end product. Thus, in down- 
stream processing, the elimination of the sugary neps 
could receive a high priority. In some applications, small 
leafy trash may present no problem, while grass frag- 35 
ments would be of concern. In such case, the down- 
stream processing would emphasize the elimination of 
the detected grass and, perhaps, ignore the leafy trash. ^ 

EXCLUSION OF ENTITIES 40 

[0059] Having described the above apparatus and 
method for finding and identifying trash in a cotton web, 
excluding undesirable entities from the thin web is now 
discussed. By means of the apparatus and method de- 4$ 
scribed above, entities are found and then identified in 
a prioritized classification as worthy of exclusion. Figure 
18 shows an end cross sectional view of a preferred ex- 
cluder 300 using compressed air to exclude or clear un- 
desirable entities from the thin web 344, and Figure 19 so 
shows a cross sectional view taken through section lines 
19-19 shown in Figure 18. Figures 20 and 21 are en- 
larged views of the exclusion zone 150 corresponding 
to Figures 1 8 and 1 9, respectively In the end views, Fig- 
ures 6, 18 and 20, the thin web 320 is seen to be trans- ss 
ported through plates 330 and 332 which have a row of 
inlet nozzles 334 with rectangular apertures 335 whose 
widths are on the order of three millimeters and are 



shown in Figure 20 as having a width D, 338. In the cross 
sectional view of Figure 1 9, the length of the rectangular 
apertures 335 is shown to be on the order of one cen- 
timeter, and the spacing 335 (S) between the apertures 
isalso in the order of one centimeter. The web 320 has 
a width of approximately one meter or 40 inches, and 
the row of nozzles 334 extends perpendicularly across 
the web 320. A single tapered deceleration nozzle 336 
having a width of on the order of three millimeters, which 
is shown in Figure 20, and a length of a meter is posi- 
tioned beneath the row of nozzles 334 and receives 
blasts of air therefrom. 

[0060] Referring to Figures 8, 20 and 21 , the row of 
nozzles 334 is positioned a known distance downstream 
of the stripes 1 50 shown in Figure 8. Since the speed of 
the web is constantly reported to the computer system 
1 44 by the rotary encoder 1 68, the computer 1 44 calcu- 
lates the time required for any particular segment of the 
web to pass from, for example, the first one of the stripes 
1 50 to the row of nozzles 334. When an undesirable en- 
tity is identified by system 1 44, its position (spatial co- 
ordinates) is determined with respect to the thin web 1 34 
(320 in Figure 18), and the system 144 calculates the 
time required for the undesirable entity to reach the row 
of nozzles. It will be recalled that the CCD arrays 184 in 
the imaging units 130 and 132. were arranged to view 
0.5 mm stripes across the web 1 34 (320) with each pixel 
viewing a 0.5 mm rectangle. Thus by counting pixels 
across the array to the image of the undesirable entity, 
the lateral position of the entity is determined. Based on 
the lateral position of the entity, the computer system 
1 44 also determines which nozzle 334 will be above the 
entity when it arrives at the nozzles 334. At the appro- 
priate time, when the entity arrives in the exclusion zone 
350, a short burst of compressed air is applied to an ap- 
propriate one of a plurality of eductor feed pipes 355 by 
one of the fast acting solenoid valves 1 54. The computer 
system 1 44 applies control signals through control lines 
353 to actuate one or more of the valves 353 and release 
compressed air through the feed pipes 355. Clean com- 
pressed air is supplied by pipe 352 to each of the feed 
pipes 355, and each of the feed pipes is positioned in 
the mouth 337 of one of the nozzles 334. The com- 
pressed air exiting the feed pipe 355 entrains a volumet- 
ric flow from a plenum 360 that surrounds the nozzle 
mouths 337 and defines a chamber that is preferably 
slightly pressurized, as by compressed air 339. The 
combined air flow from the feed pipes 355 and the ple- 
num 360 forms a blast of air that strikes and ejects the 
entity 356 out of the thin web 320, through the deceler- 
ating nozzle 336, and into a waste pipe 358. The decel- 
erating nozzle 1 36 is sized to cause a very slight positive 
initial pressure in the exclusion zone 350, thus pushing 
the surrounding components of the thin web 320 away 
from the exclusion zone 350 while at the same time 
blasting the undesired entity 356 into the waste collec- 
tion pipe 358. After the initial positive pressure, when 
the compressed air from feed pipe 335 is turned off, 
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there is a short interval of negative pressure caused by 
the momentum of the moving air in the decelerating noz- 
zle 336 which causes the components surrounding the 
exclusion region (a rectangle of about 1 cm X 3 mm) to 
move inwardly; this negative pressure interval is timed 
to close the exclusion hole in the web 320 but to not pull 
the web 344 into the waste, collection pipe 158. 
[0061] Air is continuously moving through waste col- 
lection pipe 358 to transport the undesirable entities out 
of the system. Waste collection pipe 358 and inlet ple- 
num 360 are sized to not interfere with the independent 
operation of the exclusion nozzles 334 and 336, of which 
there are about one hundred for a web from typical card. 
Furthermore, the supply air pipe 360 is sufficiently large 
that the interaction of the short pulse of any one of the 
exclusion nozzles 334 does not materially affect any of 
the others, even when more than one of these nozzles 
334 is operating simultaneously. The air entering supply 
pipe 360 is filtered and otherwise conditioned to accom- 
modate the purposes of exclusion. 
[0062] FIG. 22 shows a second type of compressed 
air excluder 400 suitable for removing entitles from 
clothed cylinders, such as the doff er cylinder 1 1 0 of FIG. 
6.. A preferred location 402 for excluder 400 marked as 
"X" on FIGS. 6 and 22 is between the image analyzer 
system 50 and the crush rolls 122. Referring now to FIG. 
22, the image analyzer system 50 Finds and Identifies 
an entity on the doffer cylinder 110 which is to be ex- 
cluded, said pattern recognition, decisions and timing 
being handled by computer 144 in FIG. 8, and control 
signals on lines 1 46 which cause excluder controller 404 
to energize fast-acting solenoid valve 406. This action 
supplies clean compressed air to plenum 408 and to 
blast air orifice 410. Simultaneously, (or separately, with 
another value and with different timing, if desired) sole- 
noid valve 406 supplies clean compressed air to coaxial 
eductor420. Assuming that blast air flow 41 2 and educ- 
tor driven air flow 41 6 start simultaneously, it is clear that 
the combined actions of pressure-driven blast air flow 
412 and suction driven eductor air flow 416 are to "push 
and pull" a small volume or "pulse" of air, moving at high, 
across doffer wire 422 in a direction that permits the en- 
tity 418 and a few associated fibers 41 9 to be lifted off 
wire 422 and pulled into collector pipe 424. Flow 41 4 is 
driven by entrainment with flow 412 and by suction as- 
sociated with flow 416. To summarize, the excluder 400 
action may be thought of as providing a short duration 
(milliseconds) rapidly moving (near Mach 1) volumetric 
pulse (10's of cubic centimeters) which sweeps the en- 
tities off the cylinder wire and excludes, them from the 
web. The width and length of the excluder orifices is 
about 3 mm X 10 mm, like the excluder 300 of FIGS. 
18-21, and there are also 100 of them across the one 
meter width of the web on the doffer cylinder 110. 
[0063] Compressed air exclusion nozzles are illustrat- 
ed in this preferred embodiment but other exclusion 
means may be used as functionally equivalent. Such 
means include mechanical punching, cutting, or hook- 



ing, or the like. While it is preferred to use the system 
148 to Find andjdentify the features of interest, such as 
trash in a moving cotton web, it should be understood 
that other detection systems could be used in conjunc- 
s tion with the excluder. Likewise, other excluders or fiber 
processors could be used with the detection system de- 
scribed herein. The various embodiments described 
herein are intended as examples illustrating the present 
invention and it will be understood that the present in- 
fo vention is capable of numerous rearrangements, modi- 
fications and substitution of parts without departing from 
the scope of the invention as defined in the appended 
claims. 

15 

Claims 

1. Apparatus for monitoring entities in a web of textile 
material, comprising a source (68, 70, 136, 1 38) for 

20 illuminating the web with electromagnetic radiation 
(62, 1 34), an imaging unit (50, 130, 132) for receiv- 
ing electromagnetic radiation from said web and 
producing image signals in response thereto, said 
image signals corresponding to images of said web 

25 including said entities, said web being in motion reU 
ative to said imaging unit, said imaging unit being 
arranged for repetitively scanning at least one stripe 
across the web in a direction substantially perpen- 
dicular to the direction of relative motion of said 

30 ' web, and processing means (1 44) for receiving said 
image signals from said imaging units, for produc- 
ing digital data corresponding to the image signals 
received from said imaging unit, for analyzing the 
digital data, for finding entities of interest in said web 

35 based on the analysis of the digital data, for deter- 
mining parameters of said found entities of interest 
and for producing output signals indicating param- 
eters of entities of interest in said web, character- 
ized in that said processing means further comprise 

40 distinguishing means (156, 158) for producing a 
plurality of optical images (150) of the same portion 
of the web from the received radiation, each of said 
optical images being distinguished one from the 
others by the spectral content of the images, and 

45 said processing means being arranged for produc- 
ing a plurality of digital data representations corre- 
sponding to the plurality of optical images, for ana- 
lyzing each of the digital data representations to find 
images of entities of interest, for determining the 

50 spectral content of the received radiation produced 
by the entity of interest based on the analysis of the 
plurality of digital data representations. 

2. Apparatus according to claim 1, wherein said 
55 processing means further comprises means for 

identifying an entity of interest as an undesirable en- 
tity based on the spectral content of the entity. 
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Apparatus according to claim 1, wherein said dis- 
tinguishing means comprises: a mask (156) dis- 
posed tor receiving electromagnetic radiation from 
the web, tor blocking portions of the electromagnet- 
ic radiation, and for transmitting at least first and 5 
second spatially separated portions (150) of the ra- 
diation; spectral separation means (186) for sepa- 
rating the spatially separated portions of radiation 
into at least first and second spatially and spectrally 
separated portions; an array of detectors (184) for io 
producing the image signals corresponding to the 
first and second spatially and spectrally separated 
portions; imaging optics (1 53, 1 54) for directing and 
focusing the spatially separated portions of the ra- 
diation and for focusing images of the first and sec- is 
ond spatially and spectrally separated portions onto 
said array of detectors as images of different por- 
tions of the web. 

Apparatus according to claim 3, wherein said por- 20 
tions of radiation are in the form of stripes, each of 
said first and second spatially and spectrally sepa- 
rated stripes being composed of a plurality of side- 
by-side spectral rows having different spectral con- 
tent; said mask comprises at least first and second 25 
slits (1 70, 172) for transmitting first and second spa- 
tially separated stripes of the radiation through said 
slits, said stripes of radiation corresponding to 
stripes on the web; and said processing means be- 
ing arranged for receiving the image signals, for 30 
producing digital data based on the image signals, 
for storing data corresponding to each spatially and 
spectrally separated stripe in the same position of 
different memory locations and for storing data cor- 
responding to different spectral rows in different 35 
memory locations. 

Apparatus according to claim 4, wherein said 
processing means are arranged for producing dig- 
ital data in the form of books of data in a memory, 40 
each book having a plurality of pages and each 
page having a plurality of rows of data, for storing 
data corresponding to each spatially and spectrally 
separated stripe on the same row of different pages 
and for storing data corresponding to different spec- 45 
tral rows on different pages. 

Apparatus according to claim 4, wherein said 
processing means are arranged to produce first and 
second digital representations of the same image so 
of the web based upon image signals correspond- 
ing to the first and second spatially separated 
stripes respectively. 

Apparatus according to claim 6, wherein said 55 
processing means further comprises means for av- 
eraging the first and second digital representations 
of the same image to produce an average digital 



representation. 

8. Apparatus according to claim 6, wherein said 
processing means further comprises means for 
comparing the first and second digital representa- 
tions of the same image to produce a comparison 
output indicating characteristics of entities of the 
web. 

9. Apparatus according to claim 6, wherein said 
source of illumination is arranged for providing first 
and second conditions of illumination on the web, 
and, for each portion of the web, producing a differ- 
ent condition of illumination when the web portion 
is positioned at the first stripe as compared to when 
the same web portion is positioned at the second 
stripe so that each web portion is viewed by the ar- 
ray under at least two different illumination condi- 
tions; means for storing said first and second digital 
representations in memory locations corresponding 
to illumination conditions so that said first and sec- 
ond digital representations correspond to the same 
image of the web under said first and second illumi- 
nation conditions respectively. 

10. Apparatus according to claim 9, further comprising 
means for comparing said first and second digital 
representations and for classifying entities of inter- 
est based upon the comparison. 

11. Apparatus according to claim 9, wherein said 
source of illumination is arranged for illuminating 
one side of the web and reflecting radiation from the 
web toward the imaging unit to produce the first il- 
lumination condition, which is a reflected illumina- 
tion condition, and for illuminating the other side of 
the web and transmitting radiation through the web 
to produce the second illumination condition which 
is a transmitted illumination condition;and wherein 
said processing means are arranged for comparing 
said first and second digital representations and for 
finding and classifying entities of interest based up- 
on the comparison. 

12. Apparatus according to claim 11, wherein said 
processing means are further arranged for deter- 
mining first and second apparent sizes of an entity 
of interest based upon the first and second digital 
representations, respectively, and for determining 
that the entity of interest is composed of fibre when 
the first apparent size is greater than the second 
apparent size by a predetermined amount. 

13. Apparatus according to claim 12, wherein said 
processing means are arranged for determining 
whether the first apparent size is within a predeter- 
mined range and identifying an entity of interest as 
corresponding to nep if the first apparent size is 
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within the predetermined range and the first appar- 
ent size is greater than the second apparent size by 
a predetermined amount. 

14. Apparatus according to claim 1, wherein said s 
processing means are arranged for determining the 
apparent shape of the entities of interest based on 
the analysis of the digital data and classifying the 
entities of interest as to type based at least in part 

on the apparent shape. 10 

15. Apparatus according to claim 1, wherein said 
processing means are arranged for determining the 

. apparent size of the entities of interest based on the 
analysis of the digital data and classifying the enti- is 
ties of interest as to type based at least in part on 
the apparent size. 

16. Apparatus according to claim 1, wherein said 
processing means are arranged for determining the so 
apparent colour of the entities of interest based on 

the analysis of the digital data and classifying the 
entities of interest as to type based at least in part 
on the apparent colour. 

25 

17. Apparatus according to claim 1, wherein said 
processing means are arranged for determining the 
position of the entities of interest based on the anal- 
ysis of the digital data and producing output signals 
including information as to the entity position. 30 

18. Apparatus according to claim 1 , further comprising 
means for forming the web and presenting it for 
viewing to said imaging unit. 

35 

Patentanspruche 

1 . Vorrichtung zur Uberwachung von Teilchen in einer 
Bahn aus textilem Material mit einer Quelle (68, 70, 40 
1 36, 1 38) zur Beleuchtung der Bahn mit elektroma- 
gnetischer Strahlung (62, 134), mit einer Abbilde- 
einheit (50, 130, 132), welche die elektromagneti- 
sche Strahlung von der Bahn empfangt und als Ant- 
wort darauf Bildsignale erzeugt, wobei diese Bildsi- 45 
gnale Bilder der Bahn mit den Teiichen entspre- 
chen, wobei die Bahn relativ zu der Abbildeeinheit 
bewegt ist, die Abbildeeinheit fOr wiederholtes Ab- 
tasten mindestens eines Streifens uber der Bahn in 
einer im wesentlichen senkrechten Richtung zu der so 
relativen Bewegung der Bahn angeordnet ist, und 
mit einem Rechner (144), der die Bildsignale von 
den Abbildeeinheiten erhalt urn digitale Signale zu 
erzeugen, die den Bildsignalen aus den Abbildeein- 
heiten entsprechen, zum Untersuchen derdigitalen ss 
Daten, zum Auffinden von interessierenden Teil- 
chen in der Bahn durch Untersuchung der digitalen 
Signale, zum Besttmmen von Parametern der ge- 



fundenen interessierenden Teilchen und zum Er- 
. zeugen von Ausgangssignalen, die Parameter der 
interessierenden Teilchen in der Bahn angeben, da- 
durch gekennzeichnet, dass der Rechner weiter 
Mittel (156, 158) zur Unterscheidung aufweist, zur 
Erzeugung mehrerer optischer Bilder (150) dessel- 
ben Abschnitts der Bahn aus der erhaftenen Strah- 
lung, wobei jedes Bild sich von den anderen Bildern 
durch das Spektrum des Inhaltes unterscheidet, 
und wobei der Rechner zur Erzeugung einer Vlel- 
zahl von Darstellungen aus digitalen Daten ausge- 
bildet ist, die den mehreren optischen Bildern ent- 
sprechen, um jede digitale Darstellung eines Bildes 
zu untersuchen, um Bilder von interessierenden 
Teilchen zu finden, und um den Inhalt des Spek- 
trums der erhaltenen und vom interessierenden 
Teilchen erzeugten Strahlung ausgehend von der 
Untersuchung der mehreren digitalen Darstellun- 
gen zu bestimmen. 

2. Vorrichtung nach Anspruch 1 , wobei der Rechner 
weitere Mittel zur Bestimmung eines interessieren- 
den Teilchens als unerwunschtes Teilchen, aus 
dem Inhalt des Spektrums des Teilchens, enthalt. 

3. Vorrichtung nach Anspruch 1 , wobei die Mittel zur 
Unterscheidung eine Maske (156), die zum Emp- 
fang elektromagnetischer Strahlung aus der Bahn 
angeordnet ist, um Teile der elektromagnetischen 
Strahlung abzuschatten und um mindestens erste 
undzweite raumlich getrennte Teile (1 50) der Strah- 
lung zu ubertragen, Mittel (186) zur spektralen 
Trennung der raumlich getrennten Teile der Strah- 
lung mindestens in erste und zweite raumlich und 
spektral getrennte Teile, eine Anordnung von De- 
tektoren (184) die Bildsignale erzeugen, die den er- 
steh und zweiten raumlich und spektral getrennten 
Teilen entsprechen, und abbildende Optiken (153, 
154), die die raumlich getrennten Teile der Strah- 
lung lenken und bundeln und Bilder der ersten und 
zweiten raumlich und spektral getrennten Teile auf 
die Anordnung der Detektoren als Bilder von ver- 
schiedenen Abschnitten der Bahn bundeln, aufwei- 
sen. 

4. Vorrichtung nach Anspruch 3, wobei die Teile der 
Strahlung die Form von Streifen aufweisen, jeder 
der ersten und zweiten raumlich und spektral ge- 
trennten Streifen aus einer Mehrzahl von nebenein- 
anderliegenden spektralen Reihen mit unterschied- 
lichem inhait des Spektrums bestehen, die Maske 
mindestens erste und zweite Schlitze (1 70, 1 72) zur 
Ubertragung erster und zweiter raumlich getrennter 
Streifen der Strahlung durch diese Schlitze auf- 
weist, diese Streifen der Strahlung Streifen des 
Bandes entsprechen, und wobei der Rechner zum 
Empfang von Bildsignalen, zur Erzeugung von di- 
gitalen Signalen aus den Bildsignalen, zur Speiche- 
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rung von Daten, die jedem raumlich und spektral 
getrennten Streifen am gleichen Ort in verschiede- 
nen Speicherplatzen entsprechen, und zum Spei- 
chern von Daten, die verschiedenen spektralen 
Reihen in verschiedenen Speicherplatzen entspre- 
chen, ausgebildet ist. 

5. Vorrichtung nach Anspruch 4, wobei der Rechner 
* zur Erzeugung von digitalen Daten in der Form von 

Buchern in einem Speicher ausgebildet ist, jedes 
Buch eine Mehrzahl Seiten und jede Seite eine 
Mehrzahl Datenreihen aufweist, um Daten, die je- 
dem raumlich und spektral getrennten Streifen ent- 
sprechen, in derselben Reihe auf verschiedenen 
Seiten zu speichern und um Daten, die verschiede- 
nen spektralen Reihen entsprechen, auf verschie- 
denen Seiten zu speichern. 

6. Vorrichtung nach Anspruch 4, wobei der Rechner 
so ausgebildet ist, dass zuerst erste und zweite di- 
gitale Darstellungen desselben Bildes der Bahn, 
ausgehend von Bildsignalen, die ersten und zwei- 
ten raumlich getrennten Streifen entsprechen, er- 
zeugt werden. 

7. Vorrichtung nach Anspruch 6, wobei der Rechner 
weitere Mittel zur Mittelung der ersten und zweiten 
digitalen Darstellung desselben Bildes aufweist, um 
eine gemittelte digitale Darstellung zu erzeugen. 

8. Vorrichtung nach Anspruch 6, wobei der Rechner 
weitere Mittel zum Vergleichen der ersten und zwei- 
ten digitalen Darstellung desselben Bildes aufweist, 
um ein Vergleichssignal zu erzeugen, das Eigen- 
schaften von Teilchen im Band angibt. 

9. Vorrichtung nach Anspruch 6, wobei die Quelle zur 
Beleuchtung so angeordnet ist, dass auf der Bahn 
erste und zweite Beleuchtungsverhaltnisse erzeugt 
werden, und dass fur jeden Abschnitt der Bahn ver- 
schiedene Beleuchtungsverhaltnisse vorliegen, je 
nach dem der Abschnitt der Bahn unter dem ersten 
Streifen Oder unter dem zweiten Streifen liegt, so 
dass jeder Abschnitt der Bahn von der Anordnung 
unter mindestens zwei verschiedenen Beleuch- 
tungsverhaltnissen erfasst wird, mit Mitteln zum 
Speichern dieser ersten und zweiten digitalen Dar- 
stellungen in Speicherplatzen, die den Beleuch- 
tungsverhaltnissen zugeordnet sind, so dass die er- 
ste und die zweite digitale Darstellung demselben 
Bild der Bahn unter den ersten und zweiten Be- 
leuchtungsverhaltnissen entspricht. 

10. Vorrichtung nach Anspruch 9, mit weiteren Mitteln 
zum Vergleichen dieser ersten und zweiten digita- 
len Darstellung und zum Klassieren von interessie- 
renden Teilchen ausgehend von dem Vergleich. 



Vorrichtung nach Anspruch 9, wobei die Quelle zur 
Beleuchtung so angeordnet ist, dass die eine Seite 
der Bahn beleuchtet wird und dass Strahlung von 
der Bahn zur Abbildeeinheit reflektiert wird, so dass 
erste Beleuchtungsverhaltnisse entstehen, die Re- 
flexions-Beleuchtungverhaltnisse sind, und dass 
die andere Seite der Bahn beleuchtet und die Strah- 
lung durch die Bahn hindurch ubertragen wird, so 
dass zweite Beleuchtungsverhaltnisse entstehen, 
die UbertragungsBeleuchtungsverhaltnisse sind, 
und wobei der Rechner so ausgebildet ist, das er 
diese erste und zweite digitale Darstellung verglei- 
chen und durch diesen Vergleich interessierende 

Teilchen finden und klassieren kann. 

j 

Vorrichtung nach Anspruch 11 , wobei der Rechner 
weiter so ausgebildet ist, dass er aus den ersten 
oder zweiten digitalen Darstellungen erste und 
zweite sichtbare Grossen eines interessierenden 
Teilchens bestimmen kann und dass erbestimmen 
kann, dass das interessierende Teilchen aus Fa- 
sern besteht, wenn die erste sichtbare Grosse um 
einen vorgegebenen Betrag grosser ist als die zwei- 
te sichtbare Grosse. 

Vorrichtung nach Anspruch 12, wobei der Rechner 
so ausgebildet ist, dass erbestimmen kann, obdie 
erste sichtbare Grosse innerhalb eines bestimmten 
Bereiches liegt und das interessierende Teilchen 
als Nisse identifizieren kann wenn die erste sicht- 
bare Grosse innerhalb des yorbestimmten Berei- 
ches liegt und die erste sichtbare Grosse um einen 
bestimmten Betrag grosser ist als die zweite sicht- 
bare Grosse. 

Vorrichtung nach Anspruch 1, wobei der Rechner 
so ausgebildet ist, dass er die sichtbare Form der 
interessierenden Teilchen ausgehend von einer 
Untersuchung der digitalen Daten bestimmen kann 
und dass er die interessierenden Teilchen minde- 
stens teilweise aus der sichtbaren Form gemass ih- 
rem Typ klassieren kann. 

Vorrichtung nach Anspruch 1, wobei der Rechner 
so ausgebildet ist, dass er die sichtbare Form der 
interessierenden Teilchen ausgehend von einer 
Untersuchung der digitalen Daten bestimmen kann 
und dass er die interessierenden Teilchen minde- 
stens teilweise aus der sichtbaren Grosse gemass 
ihrem Typ klassieren kann. 

Vorrichtung nach Anspruch 1, wobei der Rechner 
so ausgebildet ist, dass er die sichtbare Farbe der 
interessierenden Teilchen ausgehend von einer 
Untersuchung der digitalen Daten bestimmen kann 
und dass er die interessierenden Teilchen minde- 
stens teilweise aus der sichtbaren Farbe gemass 
ihrem Typ klassieren kann. 
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17. Vorrichtung nach Anspruch 1, wobei der Rechner 
so ausgebildet ist, dass er die sichtbare Lage der 
interessierenden Teilchen ausgehend von einer 
Untersuchung der digitalen Daten bestimmen kann 
und dass er Ausgangssignale ausgibt, die Angaben s 
Ober die Lage der Teilchen enthalten. 

18. Vorrichtung nach Anspruch 1, mit Mitteln zur Bil- 
dung der Bahn und zu deren Voriage zur Erfassung 
durch die Abbildeeinheit. 10 



Revendfcations 

1 . Appareii pour surveiller des entites dans une bande 75 
de matiere textile, comprenant une source (68, 70, 

1 36, 1 38) pour eclairer une bande avec un rayon- 
nement eiectromagnetique (62, 134), une unite 
d'imagerie (50, 1 30, 132) pour recevoir le rayonne- 
ment eiectromagnetique de ladite bande et pour 20 
produire des signaux d'image en reponse a celui- 
ct, lesdits signaux d'image correspondant aux ima- 
ges de ladite bande incluant lesdites entites, ladite 
bande etant en mouvement relativement a ladite 
unite d'imagerie, ladite unite d'imagerie etant agen- 25 
cee pour balayer a repetition au moins une rayure 
a travers la bande, dans une direction sensiblement 
perpendiculaire a la direction du mouvement relatif 
de ladite bande, et un moyen de traitement (144) 
pour recevoir lesdits signaux d'image desdites uni- $o 
tes d'imagerie, pour produire des donnees numeri- 
ques correspondant aux signaux d'image recus de 
ladite unite d'imagerie, pour analyser les donnees 
numeriques, pour trouver des entites d'interet dans 
ladite bande basees sur Panalyse des donnees nu- 35 
meriques, pour determiner des parametres desdi- 
tes entites d'interet trouvees et pour produire des 
signaux de sortie indiquantdes parametres des en- 
tites d'interet dans ladite bande, caract6ris6 en ce 
que (edit moyen de traitement comprend en outre 
un moyen de distinction (156, 158) pour produire 
une plurality d'images optiques (150) de la mdme 
partie de la bande du rayonnernent recu, chacune 
desdites images optiques se distinguant des autres 
par le contenu spectral des images, et iedit'rnoyen 4 & 
de traitement etant agence pour produire une plu- 
ralite de representations de donnees numeriques 
correspondant a la pluralite des images optiques, 
pour analyser chacune des representations des 
donnees numeriques pour trouver des images des &o 
entites d'interet, afin de determiner le contenu spec- 
tral du rayonnernent recu produit par I'entite d'inte- 
ret sur la base de ('analyse de la pluralite des repre- 
sentations des donnees numeriques. 

55 

2. Appareii selon la revendication 1 , ou ledit moyen de 
traitement comprend en outre un moyen pour iden- 
tifier une entite d'interet comme une entite non re- 



cherchee, sur la base du contenu spectral de I'en- 
tite. 

3. 1 Appareii selon la revendication 1 , ou ledit moyen de 
distinction comprend un masque (156) dispose 
pour recevoir un rayonnernent eiectromagnetique 
de la bande, pour bloquer des parties du rayonne- 
rnent eiectromagnetique et pour transmettre au 
moins des premiere et deuxieme portions spatiale- 
ment separees (150) du rayonnernent ; un moyen 
de separation spectral (186) pour separer les por- 
tions spatialement separees du rayonnernent en au 
moins des premiere et deuxieme portions separees 
spatialement et spectralement ; une rangee de de- 
tecteurs (1 84) pour produire les signaux d'image 
correspondant auxdites premiere et deuxieme por- 
tions separees spatialement et spectralement ; des 
optiques d'imagerie (153, 154) pour diriger et foca- 
liser les portions spatialement separees du rayon- 
nernent et pourfocaliser des images des premiere 
et deuxieme portions separees spatialement et 
spectralement sur ladite rangee de detecteurs, 
comme images de differentes portions de la bande. 

4. Appareii selon la revendication 3, ou lesdites por- 
tions de rayonnernent se presentent sous la forme 
de rayures, chacune desdites premiere et deuxie- 
me rayures separees spatialement et spectrale- 
ment etant constituee d'une pluralite de rangees 
spectrales cote-a-cote d'un contenu spectral 
different ; ledit masque comprend au moins des 
premiere et deuxieme fentes (170, 172) pour trans- 
mettre des premiere et deuxieme rayures spatiale- 
ment separees du rayonnernent a travers lesdites 
fentes, lesdites rayures de rayonnernent corres- 
pondant aux rayures sur la bande ; et (edit moyen 
de traitement etant agence pour recevoir les si- 
gnaux d'image, pour produire des donnees nume- 
riques sur la base des signaux d'image, pour stoc- 
ker des donnees correspondant a chaque rayure 
separee spatialement et spectralement dans la m§- 
me position d'emplacements de memoire cliffy- 
rents, et pour stocker des donnees correspondant 
aux rangees spectrales differentes dans differents 
emplacements de memoire. 

5. Appareii selon la revendication 4, ou ledit moyen de 
traitement est agence pour produire des donnees 
numeriques sous la forme de livres de donnees 
dans une memoire, chaque livre ayant plusieurs pa- 
ges et chaque page ayant plusieurs rangees de 
donnees, pour stocker des donnees correspondant 
a chaque rayure separee spatialement et spectra- 
lement sur la meme rangee de differentes pages, 
et pour stocker des donnees correspondant aux 
rangees spectrales differentes sur differentes pa- 
ges. 
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6. Appareil selon la revendication 4, ou ledit moyen de 
traitement est agence pour produire des premiere 
et deuxieme representations numeriques de la me- 
me image de la bande basee sur des signaux d'ima- 
ge correspondant aux premiere et deuxieme rayu- 
res spatialement separees, respectivement. 

7. Appareil selon la revendication 6, ou ledit moyen de 
traitement comprend en outre un moyen pour faire 
la moyenne des premiere et deuxieme representa- 
tions numeriques de la meme image, pour produire 
une representation numerique moyenne. 

8. Appareil selon la revendication 6, ou ledit moyen de 
traitement comprend en outre un moyen pour com- 
parer les premiere et deuxieme representations nu- 
meriques de la meme image, pour produire une sor- 
tie de comparatson indiquant des caracteristiques 
des entites de la bande. 

9. Appareil selon la revendication 6, ou ladite source 
d'eclairage est agencee pour realiser des premier 
et deuxieme etats d'eclairage sur la bande et, pour 
chaque portion de la bande, produire un etat d'eclai- 
rage differenc lorsque la portion de bande est posi- 
tionnee a la premiere rayure compare au moment 
ou la meme portion de bande est positionnee a la 

- deuxieme rayure, de telle sorte que chaque portion 
de bande est observee par la rangee sous au moins 
deux etats d'eclairage differents, un moyen pour 
stocker les premiere et deuxieme representations 
numeriques dans des emplacements de memoire 
correspondant aux etats d'eclairage de facon que 
lesdites premiere et deuxieme representations nu- 
meriques correspondent a la meme image de la 
bande sous lesdites premieres et deuxieme condi- 
tions d'eclairage, respectivement. 

10. Appareil selon la revendication 9, comprenant en 
outre un moyen pour comparer lesdites premiere et 
deuxieme representations numeriques et pour clas- 
sifier les entites d'interet sur la base de la compa- 
rison. 

11. Appareil selon la revendication 9, ou ladite source 
d'eclairage est agencee pour eclairer un cote de la 
bande et pour reflechir le rayonnement de la bande 
vers ('unite d'imagerie pour produire le premier etat 
d'eclairage, qui est un etat d'eclairage r^flechi, et 
pour eclairer I'autre c6te de la bande et transmettre 
le rayonnement a tfavers la bande pour produire le 
deuxieme etat d'eclairage, qui est un etat d'eclaira- 
ge transmis ; et ou ledit moyen de traitement est 
agence pour comparer lesdites premiere et deuxie- 
me representations numeriques et pour trouver et 
classifier les entites d'interet sur la base de la com- 
paraison. 



12. Appareil selon la revendication 11, ou ledit moyen 
de traitement est agence" en outre pour determiner 

N des premiere et deuxieme tailles apparentes d'une 
entite d'interet sur la base des premiere et deuxie- 
5 me representations numeriques, respectivement, 
et pour determiner que I'entite d'interet est consti- 
tuee de fibres lorsque la premiere taille apparente 
est plus grande que la deuxieme taille apparente 
d'une valeur predetermin6e. 

10 

13. Appareil selon la revendication 12, ou ledit moyen 
de traitement est agence pour determiner si la pre- 
miere taille apparente se situe dans une plage pre- 
determine et pour identifier une entite d'interet 

1$ comme correspondant a un n_ud, si la premiere 
taille apparente se situe dans la plage predetermi- 
nee et que la premiere taille apparente est plus 
grande que la deuxieme taille apparente d'une va- 
leur predeterminee. 

20 

14. Appareil selon la revendication 1 , ou ledit moyen de 
traitement est agence pour determiner la forme ap- 
parente des entites d'interet sur la base de ('analyse 
des donnees numeriques et pour classifier les en- 

25 tites d'interet quant a leur type, base au moins en 
partie sur la forme apparente. 

15. Appareil selon la revendication 1 , ou ledit moyen de 
traitement est agence pour determiner la taille ap- 
se parente des entites d'int6rdt bas6e sur ('analyse des 

donnees numerique et pour classifier les entites 
d'interet quant a leur type, base au moins en partie 
sur la taille apparente. 

35 16. Appareil selon la revendication 1 , ou ledit moyen de 
traitement est agence pour determiner la couleur 
apparente des entites d'interet, basee sur ('analyse 
des donnees numeriques, et pour classifier les en- 
tites d'interet quant a leur type, base au moins en 

40 partie sur la couleur apparente. 

17. Appareil selon la revendication 1, ou ledit moyen de 
traitement est agence pour determiner la position 
des entites^ d'interet, basee sur ('analyse des don- 

45 nees numeriques, et pour produire des signaux de 
sortie incluant des informations se rapportant a la 
position de I'entite. 

18. Appareil selon la revendication 1, comprenant en 
50 outre un moyen pour former la bande et pour la pre- 
senter, en vue de I'observation, a ladite unite d'ima- 
gerie. 
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Fig. 17 A 
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